The production, purification and properties of the 'A' antigen induced by Marek's disease virus in tissue culture were investigated. It was found that although virus multiplied on passage in chick kidney, chick embryo and duck embryo cells the antigen was produced only in chick kidney and duck embryo cultures. The results suggested that the 'A' antigen produced by duck embryo cells was a glycoprotein having a mol.wt, in the range 7o ooo to 9o ooo and was heterogeneous in charge (pI 4"5 to 5"5)-A 2o-fold purification was achieved by electrophoresis in 5 ~o acrylamide gel with a recovery of 45 ~. An equally good purification was also possible by chromatography on DEAE-Sephadex A5o and Sephadex G2oo, although the recovery was only 20 ~o in this case.
INTRODUCTION
noted three antigens in immunodiffusion tests using extracts of chicken kidney cells infected with Marek's disease virus and have reported the loss of one of these antigens (the 'A' antigen) during attenuation of the virus by passage in cell culture. Others (Purchase, Burmester & Cunningham, I971; von Btilow, 197I) have reported that loss of 'A' antigen and loss of pathogenicity were independent phenomena. A proper evaluation of the role of the 'A' antigen in pathogenicity of Marek's disease and in immunogenicity requires characterization of the antigen. We report here on the purification and properties of the 'A' antigen produced by duck embryo cells infected with the HPRS-I6 strain of Marek's disease virus.
METHODS
Media. All media contained 199 (Wellcome Ltd.) , tylosin tartrate (50 #g/ml), fungizone (2 #g/ml), penicillin (2oo units/ml) and streptomycin (2oo ~g/ml). They also contained either 2 ~o calf serum (2 ~ C.S. medium) or 2 ~ calf serum+ 5 ~o tryptose phosphate broth (2 ~ C.S.T. medium) or 5 ~ calf serum+5 ~o tryptose phosphate broth (5 ~ C.S.T. medium). commercially (Cherry Valley Farms Ltd. England). Chick and duck embryo cultures were initiated in 5 ~ C.S.T. medium using an inoculum of los cells for Winchester bottles or Io 79 cells for 64 x 320 cm bottles (Flow Laboratories Ltd.). Cultures were rotated at o'5 rev/min and were confluent after 24 h at 37 °C. Chicken kidney cells were grown in Winchester bottles. These were seeded with IO s~5 cells in 2 ~o C.S. medium and were rotated at o'I43 rev/min. Monolayers were confluent after z to 3 days at 37 °C. When confluent the medium on all types of cells was replaced by z ~o C.S.T. medium.
Virus.
A virus stock was prepared by inoculating duck embryo cells with buffy coat cells derived from a Rhode Island Red chicken (HPRS-RIR) infected with the HVRS-I6 strain of Marek's disease virus (Purchase & Biggs, I967) . Because cell-free infectious virus cannot be obtained in culture, virus was passed as a suspension of infected cells. Two passages were carried out in duck embryo cells and the resulting material stored at -18o °C in I99 medium containing Io ~o dimethylsulphoxide and 1o ~o calf serum. 'A' antigen. Primary duck embryo cells were used for the production of 'A' antigen. Winchesters and 64 × 320 cm bottles were infected by adding Io 5 and Io 417 p.f.u., respectively, to the growth medium. This was replaced by maintenance medium 24 h later. The ceils were passaged twice and medium at each passage was collected, pooled, clarified by centrifuging at iooog and used as source of 'A' antigen.
Infection of cells andproduetion of

Serological techniques Antiserum.
A single pool of serum was used throughout the experiments. Sera collected from chickens which had been infected by natural exposure to Marek's disease virus contributed to the pool.
Agar-gel immunodiffusion tests were carried out at room temperature (23 °C) in I Noble agar (Difco) containing 8 ~ sodium chloride and o.oz %o sodium azide. Wells were 4 mm in diameter and had a capacity of o'025 ml. The diffusion distance was 2 mm.
Results were read after 24 h at room temperature. The titre of 'A' antigen was determined using serial twofold dilutions. The reciprocal of titre expressed as units was used as a measure of antigen concentration. Purification of antigen was assessed on the basis of the protein concentration at the end-point of titration.
Autoradiography. Slides of agar gel immunodiffusion tests were washed in several changes of 8 o/NaCI for 3 days, rinsed in distilled water, dried overnight at room temperature and /O fixed in Io ~ TCA. After washing in water, the slides were dipped in Ilford L4 emulsion diluted 113 with distilled water. After exposure for 2 weeks, the emulsion was developed, fixed and then examined for silver grains.
Indirect immunofluorescence tests. Cells were harvested by trypsinization, washed in phosphate buffered saline (PBS) (Dulbecco & Vogt, I954) , smeared on glass slides, air dried and fixed in methanol at -7o °C overnight. They were then treated with standard antiserum (i/1o) and fluorescein conjugated rabbit anti-chicken globulin serum (Nordic Diagnostics) at I[2o dilution. Staining procedures and microscopy were essentially as previously described (Ross, Watson & Wildy, I968) .
Immunoadsorption experiments. Immunoadsorbent was prepared as described by Cuatrecasas & Anfisen (1971) . Eighty milligrams of chicken IgG obtained by precipitation of standard antiserum with ammonium sulphate was attached to Io ml of Sepharose 4B (Pharmacia) using 2"4 g of cyanogen bromide. This procedure resulted in complete attachment of antibody. The immunoadsorbent was washed in PBS and stored at 4 °C in the Purification and properties of 'A' antigen 293 presence of o-o2 ~o sodium azide. After attachment of antigen, the immunoadsorbent was washed three times with PBS using 4 bed vol. for each wash. Adsorbed material was eluted by washing 3 times with 5 M-guanidine hydrochloride (5 M-GU-HCI) using I bed vol. for each wash. All operations were carried out in 2o ml plastic vials at room temperature with gentle stirring, allowing 3o min for each step. Fractions were decanted after the gels had settled and were dialysed for 48 h against PBS before titration for 'A' antigen and estimation of the protein content. Electrofocusing was performed in a 2"5 cm × 4 ° cm column (LKB Uniphor apparatus 79oo). Thirty milligrams of crude antigen in 2 ~o ampholine (pH 4 to 6) containing 2 M-urea and 20 ~o sucrose (w/v) was applied to the middle of a 22o ml linear gradient of sucrose (o to 4o ~o, w/v) containing Z ~o ampholine and 2 M-urea. The temperature was controlled by circulating tap water. A potential difference of 4oo V was applied with the anode at the lower end of the column. The current was 6 mA initially and the voltage was adjusted during the experiment so that the total power did not exceed 3 W. The current was 3"5 mA and the voltage 7oo V after 48 h. The temperature was then increased to 23 °C and electrofocusing continued for i2 h. This was done to avoid temperature corrections when reading pH. No further change in current or voltage was observed. Fractions of 3 ml were collected and after measuring pH at 23 °C were dialysed against PBS before titrating for 'A' antigen and estimating proteins.
Biochemical techniques
Gelfiltration was carried out at room temperature in a 2. 5 cm by 45 cm column containing Sephadex G-zoo (Pharmacia) equilibrated with PBS. Samples (t ml) were added to a bed vol. of I7o ml and eluted with PBS at 17 ml/h. Fractions of 1"5 ml were collected. The void volume was estimated for each run using blue dextran zooo (Pharmacia). For tool. wt. estimations the column was calibrated with ribonuclease (mol.wt. 14 ooo), soyabean trypsin inhibitor (mol. wt. 2z ooo), ovalbumin (tool. wt. 45 ooo), bovine serum albumin (mol.wt. 67 ooo), lactate dehydrogenase (mol.wt. I35 ooo) and human 7 globulin (apparent mol.wt, zo5 ooo, Andrews, I965).
Ion exchange. Two anion exchange procedures using DEAE-Sephadex A 50 (Pharmacia) equilibrated with o.oi M-sodium phosphate buffer, pH 7, were employed. Batch adsorption and elution were carried out in plastic vials at room temperature with gentle stirring allowing 3o min for each step. After adsorption had taken place the exchanger was washed with Io bed vol. of starting buffer and adsorbed material was eluted by washing with increasing concentrations of sodium chloride in starting buffer using 3 bed vol. 3 times for each eluant. Fractions were decanted. Chromatography was carried out in a 2.2 cm× Io cm column using an initial bed vol. of 2I ml. Two to three ml samples (25 to 3o mg protein) equilibrated with O.Ol M-phosphate buffer, pH 7, were applied. The column was washed with buffer and eluted stepwise with Ioo ml vol. of o.I M, O'Z M and o'3 M-NaC1 in buffer at a flow rate of 15 ml/h. Fractions of 3 ml were collected. Salt molarity was estimated with a Hilger-Watts refractometer. PoIyacrylamide gel electrophoresis. The method described by Watson (I969) for electrophoresis in discontinuous buffer system of high pH was used with the following modifications. For analytical purposes gels were polymerized in 4"5 mm x 7"5 cm tubes. The separation gel consisted ofa 2 cm layer of 5 ~ (w/v) acrylamide monomer and 2 cm of 7"5 ~ (w/v) acrylamide monomer in o'375 M-tris chloride, pH 8"9. The spacer gel was I cm long and contained 3"5 ~ (w/v) monomer in o.o6 M-tris phosphate, pH 6% Methylene-bis-acrylamide was used at a final concentration of o.2 ~o in each type of gel. Samples containing 80 to Ioo/~g protein were applied in o.o6M-tris phosphate, pH 6"9, containing Io % (w/v) sucrose and were overlaid with electrode buffer containing o'ooo25 ~ phenol red. The position of 'A' antigen after electrophoresis in 5 ~ gels and 7"5 ~ gels was determined by immunodiffusion. A longitudinal section of the gel was embedded in agar. Troughs 2 mm x 4 cm were cut at a distance of 3 mm from the gel and were filled with standard antisera. Precipitin lines were usually observed after 24 h at room temperature.
Electrophoresis in SDS gels was carried out essentially as described by Dimmock & Watson 0969). Gels were polymerized in 6 mm x 9 cm tubes. The separation gel was 6"5 cm long consisting of 7"5 ~ (w/v) acrylamide monomer or Io ~ (w/v) monomer in o.I ~ SDS+o-o5 N-urea+o'375 M-tris chloride, pH 8"9. Each type of gel contained o.2 ~o methylene-bis-acrylamide. Samples for electrophoresis were precipitated with acetone, resuspended at a concentration of 1.2 mg protein/ml in I ~ SDS+o'5 N-urea+ I ~oo (V/V) mercaptoethanol and were heated at lOO °C for 3 min. Tris phosphate, pH 6"9, and sucrose were added to final concentrations of o-o6 M and Io ~o (w/v), respectively, and o-I ml vol. containing i5 o/~g protein were applied to each gel. Electrophoresis was carried out at 3 mA/tube and was continued until the phenol red marker had run about 5 cm. We have attempted to estimate mol.wt, in this system since like others (Shapiro, Vinuela & Maizel, I967; Weber & Osborn, I969) we found that the mobilities of the reference proteins ovalbumin, bovine serum albumin and trypsin were directly proportional to the log of their tool. wt.
Staining of acrylamide gels. Proteins were stained with o'25 ~o Coomassie blue (R25o, I.C.I. Ltd.) as described by Dimmock & Watson 0969) . Carbohydrates were stained by the periodic acid Schiff's reaction as described by Bolognesi & Bauer 0970). The specificity of this test was supported by the fact that omission of the periodic acid oxidation step inhibited staining.
Estimation of radioactivity. Samples were counted using a liquid scintillation counter (Corumatic 2o0, Tracerlab Ltd.).
(I) Filter-paper method. Samples of o'o57 + o'oo3 ml were measured using haematocrit glass tubes and were spread uniformly on 2 cm diameter Grade 3 Whatman filter paper. After washing with cold Io ~o TCA, 95 ~ ethanol and diethyl ether, the filter papers were dried at 45 °C overnight, transferred to counting vials and I5 ml of toluene based scintillation fluid containing 1,4-di-a-(5-phenyl oxazolyl) benzene (POPOP) (IOO mg/1) and 2,5-diphenyl oxazole (PPO) (4 mg/1) were added. The efficiency of counting [all] was Io ~.
(2) Ac~lamide gels were frozen at -20 °C and were cut into ~ mm slices. These slices were eluted with o'5 ml of o'I ~o SDS at 37 °C for 3 to 4 h and o. 3 ml of the eluate was added to 3 ml of scintillation fluid consisting of a mixture of 666 ml toluene + 2.2 g PPO + 66 mg POPOP and 333 ml of Triton Xioo/1 of scintillant. The mixture was counted in 4 ml glass vials placed inside standard vials. The efficiency of counting [aH] 
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Acrylamide and methylene-bis-acrylamide, ribonuclease, soyabean trypsin inhibitor and trypsin were obtained from B.D.H. Ltd.
Ovalbumin, bovine serum albumin and human y-globulin from Koch-Light Laboratories Ltd. and lactate dehydrogenase (rabbit muscle) was from P.L. Biochemicals Inc.
RESULTS
Production of'A' antigen
The first objective was to find a method of producing the 'A' antigen in large quantities. The following experiment was carried out to compare the production of antigen during serial passage of infected cells in chicken kidney cells (CKC), chick embryo cells (CEC) and in duck embryo cells (DEC) grown in rotating bottles. Confluent monolayers were infected by adding Io 84 buffy coat cells from a chicken (HPRS-RIR) infected with HVRS-I6 strain of Marek's disease virus. Twenty-four h later medium was replaced with 2 ~o C.S.T. medium. After five further days of incubation at 37 °C medium was collected, titrated for 'A' antigen and protein concentration estimated. The cells were harvested by trypsinization and were passed 1:2. Kidney cells were passed on fresh confluent monolayers. Chick embryo and duck embryo cells were passed on semi-confluent monolayers to avoid overgrowth. The total number of cells harvested after 6 days from each type of culture varied between 1o s'a and 10 8"48. Virus was isolated in all three types of cells and multiplied on passage as indicated both by c.p.e, and by immunofluorescence (Table r) . However, CKC and DEC produced 'A' antigen in larger amounts than CEC. As CKC did not grow reproducibly under our culture conditions, primary DEC have been used for the production of the 'A' antigen. Medium (i6 ml) containing 9'76 mg protein and 3z units of antigen was precipitated with increasing concentrations of ammonium sulphate (see Methods).
* Calculated from protein concentration at end-point of titration. 
Purification
To determine whether purification of the antigen could be achieved together with its concentration, fractionation with ammonium sulphate was carried out. The results of one experiment (pH 7"2) are shown in Table 2 . Similar results were obtained at pH 6 and pH 8. Since recovery of antigen in the most purified fraction was low, it was decided to precipitate as much antigen as possible at this stage. Saturated ammonium sulphate solution at pH 7"2 was added gradually to clarified medium at 4 °C with gentle stirring to give a final concentration equal to 6o ~o saturation. The mixture was left to stand overnight and was centrifuged at [o ooo g for 3o rain. The sediment was dissolved in minimum volume PBS, dialysed for 48 h against PBS and clarified at IO ooo g for 3o rain. The supernatant fluid containing ~o to 2o mg protein/ml and having a titre of 1/32 was used as a source of crude antigen for further purification. It was stored at -2o °C.
Early experiments showed that the 'A' antigen was completely adsorbed to DEAESephadex A 5o (4o mg protein and 64 units of antigen/5 g wet exchanger) equilibrated with o.oI M-phosphate buffer, pH 7"o and that 62 ~ of the antigen could be recovered by elution with o. 5 M-sodium chloride in starting buffer. The eluted antigen was purified threefold but multiple bands were still observed in analytical acrylamide electrophoresis. of exchanger and eluting stepwise with Ioo ml vol. of o.i N-NaC1 and o.2 N-NaC1 in o.oi g-phosphate buffer pH 7. The 'A' antigen was recovered in a single peak in the o-2 MNaC1 eluate (Fig. ~) . The fractions containing the antigen were pooled. The protein concentration was 84 #g/ml at the end-point of titration and electrophoresis in analytical acrylamide showed two main bands both in the 5 ~o acrylam/de gel layer of the separation gel.
Chromatography of crude antigen 06 mg protein and 32 units) on Sephadex G-2oo (Pharmacia) is shown in Fig. 2a but separation of 'A' antigen from impurities was not marked however. Using 2o mg protein and i6o units of partially purified antigen (o'5 MNaCI eluate from batch purification on DEAE-Sephadex) the 'A' antigen eluted as a definite peak (Fig. 2b) .
The results of sequential purification by ammonium sulphate precipitation, DEAESephadex and Sephadex G-zoo chromatography are summarized in Table 3 . Twenty-fold purification relative to the original antigen present in medium was achieved in this way and the purified antigen produced a single band on electrophoresis in 5 ~ and 7"5 acrylamide gels.
Equally good purification could be achieved in a single step by eluting 'A' antigen after separation of crude material by electrophoresis on acrylamide gels. Samples of crude antigen (2zo #g protein and o'4 unit in o.~ ml) were subjected to electrophoresis on 5 acrylamide gel (6 cm x 6 ram). The position to which the antigen had migrated was determined by immunodiffusion. Its mobility was o'5 relative to phenol red, and staining with Coomassie blue revealed a broad band in this region. The antigen contained in slices of three different gels was then eluted with 2 ml PBS overnight at room temperature. Fortyfive per cent of the antigen was recovered. The eluate contained 2o #g protein and 0"5 unit of antigen (4o #g/ml at end-point of titration). Single bands were observed on re-electrophoresis of the purified material on 5 ~o and on 7"5 ~ gels (Figs. 3 to 5) . Although the * Calculated on basis of protein concentration at end-point of titration. "~ Concentrated to 1 ml and applied to Sephadex G-2oo column. :~ Bands were seen only in the 5 ~ acrylamide gel layer of separation gel. § Concentrated to 3 ml before titrating for 'A' antigen. 32 070 4 685 719 175 3 740 I 526 526 I3 79o z o7o 438 lO5 8o7 175 I75 2"3 2" 3 1-6 I'71 5'6 8"3 3
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Radioactivity was estimated by the filter paper method and each sample was counted for io min. * Material obtained from medium of infected and uninfected (control) duck cultures. t Total antigen units present in material from infected culture and in each fraction derived from it after immunoadsorption. gels were overloaded, this material was purified 14 times relative to crude antigen and purified 2o times relative to the antigen of the original medium.
Properties
Observations made during preliminary experiments in the purification indicated some of the properties of 'A' antigen. The 'A' antigen was resistant to ether (six extractions each for 5 min at 23 °C using IO vol. ether) and was sensitive to digestion with trypsin (o.I mg/ml) for I h at 37 °C. Its isoelectric point determined by electrofocusing in 2 ~o Ampholine + 2 Murea at 23 °C ranged from pI 4"5 to pI 5"5-It was noted that the purified antigen was stained by the periodic acid Schiff reaction and that its mobility in 5 9/o and in 7"5 ~ acrylamide gels was o'5 and o'35, respectively relative to phenol red (Figs. 3 to 5) . Electrophoresis in 7"5 ~ acrylamide SDS gel revealed two bands, the main one corresponding to a mol.wt, of 9 ° ooo. A minor band (mol.wt. 5o ooo) was also observed. We do not know whether this minor component represented an impurity or some subunit of the major protein.
Mol.wt. may also be estimated by gel filtration on Sephadex (Andrews, I965) . Three different experiments using a calibrated column of G-2oo suggested that the antigen had a mol.wt, of 80 ooo_+ IO ooo (2 × SE). 
Further investigation of the nature of the 'A' antigen
Since there is evidence for production of glycoprotein in ceils infected with many different herpes viruses ~97o; Keller, Spear & Roizman, I97o) , we have investigated whether the 'A' antigen is a glycoprotein. Monolayers of Io 8 DEC grown in Winchester bottles were infected at an input multiplicity of ~ p.f.u./IO a cells. Three days later a5/~Ci of D-glucosamine-~- [aH] were added in too ml of 2 ~ C.S.T. medium. Noninfected cultures were treated similarly. After 24 h at 37 °C, medium was precipitated with ammonium sulphate as described for the preparation of 'A' antigen. Precipitates were dissolved in PBS and were dialysed for 48 h in three changes of PBS. Material obtained from infected and control preparations (9"6 mg protein) was added to two separate vials Table 4 indicate that more labelled material from infected cells than from control cells was retained by the immunoadsorbent during washing; thus the ratio of counts between the infected and the control material for the washings was lower than that of the starting material (2"89). However, when adsorbed material was eluted by addition of guanidine hydrochloride, more radioactive material from infected cells than from control cells was released (ratios 5"6 and 8"3). It was clear that elution of labelled material from infected cells coincided with the elution of 'A' antigen from the immuno, adsorbent.
The material from fraction 5 of this experiment was subjected to electrophoresis on 5 ~o acrylamide gel. The results (Fig. 6) suggest that the 'A' antigen was probably the labelled material since the peak of radioactivity coincided with the antigen as revealed by immunodiffusion after electrophoresis in acrylamide gel. Electrophoresis of the corresponding fraction from control material showed no peak of radioactivity and no protein in the middle of the gel. Furthermore, electrophoresis of these fractions on 7"5 ~o acrylamide SDS gel revealed different patterns of radioactivity (Fig. 7) . A glycoprotein (mol.wt. 89 ooo) with a mobility of o'52 relative to phenol red was present in infected material only (A in Fig. 7 ). From these results it seems likely that the 'A' antigen was a glycoprotein. Further evidence for this was obtained by autoradiography. Control and infected cultures were labelled with D-glucosamine-i- [l~C] which was added to culture medium at Io/~Cifloo ml. Procedures for infection and preparation of antigens were essentially as described above for labelling with D-glucosamine i- [aH] . It is clear from Fig. 8 that the label was confined to the 'A' antigen precipitin line. The possibility of non-specific trapping of labelled material in the precipitin lines was eliminated by the following experiment. An immunodiffusion test was performed using three equidistant wells containing labelled 'A' antigen, Marek's serum and rabbit anti-chicken IgG, respectively. The concentration of the reagents was adjusted so that the precipitin lines formed between 'A' antigen and Marek's serum and between Marek's serum and rabbit anti-chicken IgG intersected each other. After autoradiography, silver grains were observed only in the 'A' antigen precipitin line. We have noted that purified antigen in contrast to crude antigen failed to react with concanavalin A (o'5 to I .o mg/ml) in gel diffusion tests. It seems, therefore, that the antigen does not have the specificity of the glycoproteins associated with the envelope of some viruses (Oram et al. I97~ ; Klenk, Rott & Becht, x972) . D I S C U S S I O N Lee 0 9 7 0 was the first to describe the propagation of Marek's disease virus in duck embryo cells on a large scale. In this work we found that this method is also suitable for the production of 'A' antigen. A considerable purification of 'A' antigen is achieved by two different methods. The first, suitable for small quantities only, consists of electrophoresis of crude material on 5 ~ acrylamide gel. The second method suitable for purification of larger batches of material involves ammonium sulphate precipitation followed by separation on DEAE-Sephadex and G-2oo Sephadex and results in a 2o-fold purification as calculated by the protein concentration at the end-point of titration. No other protein could be detected by electrophoresis of this material on 5 ~ or 7"5 ~ acrylamide gels. However, it is possible that the material is not yet pure since trace components or components having the same mobility as the 'A' antigen would not be revealed by this technique.
